ABSTRACT
INTRODUCTION

1
Lactococosis caused by Lactococcus garvieae has been one of the most important 2 diseases affecting the genus Seriola which includes yellowtail (Seriola quinqueradiata), 3 amberjack (Seriola dumerili), and kingfish (Seriola lalandi), with respect to the amount of 4 damage it causes (Kitao 1982; Kusda et al. 1991) in Japan. The first outbreak of lactococcosis 5 in the genus Seriola was occurred in a limited area of Shikoku Island, in1974 and the 6 following year, it spread across western Japan (Kitao 1982) . Still now the source and route of 7 infection have not been cleared. and human medicine. However, there has been no report about L. garvieae isolated from any 14 terrestrial plant or the other environmental materials still now.
15
In this study we isolated putative L. garvieae strains from radish sprouts and broccoli 16 sprout among the research of presence of lactic acid bacteria in the vegetables. It was very 17 important to investigate characteristics, especially virulence, of isolates from unprecedented 18 origin, because L. garvieae is a microorganism which certainly has pathogenicity for Seriola 19 and has the possibility of pathogen for human and animal as above mentioned.
20
There is a little report about the factor of pathogenicity of L. garvieae for yellowtail. To 21 confirm the factor of pathogenicity we obtained the less-virulent strain by subculture a 22 virulent isolate on THA supplemented with TTC like as before reported (Ooyama et al, 1999 ) 23 and compared the various characters among isolates from sprouts, virulent isolates and less 24 virulent.
25
In this study, we identified isolates from sprouts as L. garvieae by DNA sequence was also used. These isolates were cultured in THB for 20 h at 25˚C, suspended in 10% 3 skimmed milk (Becton) solution, and then stored at -80˚C until they were used for the tests. entire 16S rRNA open reading frame were amplified using primers 16s-fl-3 (5'-AGA GTT
13
TGA TCC TGG CTC AG-3') and 16s-rl-3 (5'-ACG GTT ACC TGT TAC GAC TT-3') and 14 Taq polymerase (TaKaRa, Kyoto.). PCR conditions consisted of 35 cycles of 95°C for 1 min,
15
55°C for 1 min, and 72°C for 1 min 30sec, followed by a hold at 72°C for 10 min. PCR 16 products were purified with the QIAquick PCR purification kit (Qiagen Inc., Chatsworth,
17
Calif.) and they were sequenced using a BigDye Terminator cycle sequencing kit (Applied
18
Biosystems,) and an automatic DNA sequencer (model 310; Applied Biosystems).
19
Sequencing was performed using primers 16s-fl-3 and 16s-rl-3. BLASTN search analysis was 20 used to compare the obtained sequence data with 16S rRNA sequence data deposited in 
Analysis of chromosomal DNA restriction patterns by PFGE
10
In case of PFGE, DNA-embedded agarose blocks were prepared and 11 endonuclease digestion was performed as described previously (Kawanishi et al 2005) . The 12 restriction endonuclease ApaⅠ(TaKaRa, Kyoto, Japan) were used for digestion. The blocks 13 containing the digested DNA were placed on 1% PFGE-certified agarose gel (Bio-Rad) and 14 migration was performed for 21 h using CHEF-DRIII (Bio-Rad), with ramped pulse times of 15 0.1-25 s in order to obtain an optimal separation of the digested fragments.
16
The fingerprints generated with the standardized protocol were evaluated using was performed by the unweighted pair group method using arithmetic averages (UPGMA), 20 and DNA relatedness was calculated based on the Dice coefficient.
22
Agglutination with antiserum against KG+ and KG-phenotype 1 The phenotype was confirmed by the reaction with the immune sera, which were 2 raised in rabbits as described by Yoshida et al. (Yoshida et al. 1996) , against the KG9502, KG 3 -phenotype (Ooyama et al. 1999 ) and NSS9310, KG+ phenotype (Ooyama et al. 2002) .
4
The agglutination was confirmed by a slide agglutination reaction. Virulence in mice 6 In order to assess the pathogenicity of L. garvieae in mammals, a mouse 7 pathogenicity assay was performed using 10 ddY mice (4-week-old, female). These mice All 10 isolates showed were Gram positive ovoid cells that formed short chains, 13 grew on BEA agar, exhibited α-hemolysis, and gave the expected 1100-bp PCR amplification 14 product that is species-specific to L. garvieae. In brief, all 10 isolates were putatively (Table) .
19
The sequence of 16S rRNA was aligned with Lactococcus garvieae sequences. 100% Table. None of the isolates obtained from radish sprouts and broccoli sprout were 2 susceptible to any of the three bacteriophages. While, all isolates obtained from yellowtail 3 and Lg2-S were found to be susceptible to bacteriophage PLgW-1, PLgY-16 and PLgY-30.
4
The results of the genomic analysis by PFGE after digestion with ApaI are 5 shown in Fig. 1 . The isolates from radish sprouts showed homogenecity, while isolates from 6 broccoli sprouts were heterogenicity. And the similarity level between isolates from different 7 species obtained by dendrogram based on cluster analysis was less than 30%.
8
All isolates from radish sprouts, broccoli sprout, ATCC49156 and Lg2-S strains 9 were agglutinated by anti-KG+ phenotype cell serum, but Lg2 and KG9502 isolates were not 10 agglutinated. All isolates were agglutinated by the anti-KG-phenotype cell serum. Based 11 on these results, it was determined that isolates from both sprouts, Lg2-S and ATCC49146
12
were KG+ phenotype strains; and the other 2 isolates were KG-.
13
None of the isolates obtained from radish sprouts and broccoli sprouts and CFU/fish and 10 6 CFU/fish i.p. inoculation but showed 40% mortality at 10 8 CFU/fish.
20
The results obtained in the mouse pathogenicity assay indicated that no strain
showed an obvious pathogenicity in mice.
1
We confirmed that KG9502 and Lg2 had capsule under the TEM, whilst Lg2-S, 2 ATCC49156, NRIC0607, NRIC0612 and NRIC0611 had no capsule (Table and Fig Result from biochemical characterisation and determination of the 16SrRNA 7 sequence isolates from radish sprouts and broccoli sprouts identified as L. garvieae. This is 8 first report of L. garvieae isolate obtained from terrestrial plant.
9
There are a little difference in biochemical characterization among isolates from According to PFGE patterns, isolates obtained from sprouts were genetically not 21 related to those from yellowtail. Previous study including Lg2 strain (Kawanishi et al. 2005) 22 demonstrated that L. garvieae isolates from the genus Seriola from wide area in Japan have 23 homogeneity in the PFGE pattern. So, these isolate from radish sprouts and broccoli sprouts 1 might be no epidemiological relation with isolates from Seriola prevalent in Japan. Vela et al. Concerning about virulence, it was interesting to note that L. garvieae strains 11 isolates from sprouts and ATCC49156 were non-pathogenic to yellowtail, while Lg2 and 
18
In this study Lg2-S was obtained by subculturing Lg2 on THA with TTC and isolates from radish sprouts, broccoli sprouts, they showed KG+ phenotype without capsule 23 and the fact is same to the less virulent strain, Lg2-S and no virulent strain ATCC49156.
24
With regard to avirulent of isolates obtained from sprouts, it was not confirmed 1 whether these isolates have no pathogenicity for yellowtail from the moment of isolation or 2 they previously had pathogenicity, but lost it due to repeated culturing. However, the facts 3 that TTC was not used for isolation from radish sprouts and broccoli sprouts, the number of 4 cultivation is limited and there are the differences in PFGE pattern and phage susceptibility 5 between isolates from sprouts and Seriola might support the former idea. 2000). However, these were sporadic cases and it is not clear whether L. garvieae is pathogen 10 or not. In this study, all strains isolated showed no obvious pathogenicity in mouse. Yosida, T., Eshima, T., Wada, Y., Yamada, Y., Kakizaki, E., Sakai, M., Kitao, T., Inglis, V. Table   1 Title; Data on the L.garvieae strains analyzed in this study 2 3 Footnote; 4 *KG+; Isolate that was agglutinated with both anti KG+ phenotype and anti KG-5 phenotype serum. KG-; isolate that was agglutinated with only anti KG-phenotype serum. Table 1 
